Background/aims-Increased morbidity and mortality from a number of infectious diseases have been associated with vitamin A deficiency. Trachoma and vitamin A deficiency are both important causes of blindness in Nepal. The purpose of this study was to determine the association between the diagnosis of vitamin A deficiency by conjunctival impression cytology and the diagnosis of infectious trachoma by the polymerase chain reaction (PCR) in the Lumbini zone of Nepal. Methods-70 children under the age of 11 in a rural village in the Lumbini zone were examined for clinical evidence of active trachoma. The conjunctiva of each child was tested for ocular Chlamydia trachomatis infection using PCR, and for loss of goblet cells (a sign of subclinical vitamin A deficiency) using conjunctival impression cytology. Results-The presence of infectious trachoma was associated with the loss of goblet cells on conjunctival impression cytology (p=0.02). This relation was present and significant even when adjusted for age (p=0.05) and degree of inflammation (p=0.02). In fact, even subclinical infection with chlamydia was associated with an abnormal conjunctival impression cytology (p=0.02). Conclusions-Children with infectious trachoma are significantly more likely to have an abnormal conjunctival impression cytology, even if the infection is subclinical. Thus, the diagnosis of vitamin A deficiency from conjunctival impression cytology alone should be made with some caution in areas with endemic trachoma. Further studies will be needed to determine the cause of this association.
1
Vitamin A deficiency aVects as many as 200 million children worldwide, is a major cause of infant mortality, and is purported to be a factor in causing 500 000 cases of blindness annually. 2 In some countries, such as Nepal, both conditions are endemic. 3 There are several possible reasons why there may be an association between the two diseases. Increased morbidity and mortality from other infectious diseases, including respiratory and diarrhoeal disease, 4 measles, and HIV, 5 have been associated with vitamin A deficiency. 6 Both vitamin A deficiency and trachoma are associated with low socioeconomic conditions and have the highest prevalence among children between the ages of 3 and 6 years. 7 Vitamin A deficiency and trachoma can both be diagnosed from the conjunctiva, [8] [9] [10] and inflammation from chlamydial infection may interfere with the detection of goblet cells by conjunctival impression cytology (CIC). Alternatively, the keratinisation of the conjunctiva found in vitamin A deficiency could be protective against infectious trachoma.
Several groups have reported an association between severe cicatricial trachoma in adults and CIC findings consistent with vitamin A deficiency. [11] [12] [13] Others have found a correlation between the clinical diagnoses of trachoma and vitamin A deficiency in Mali, Djibouti, and Senegal. 14 15 In this study, we evaluated whether there is an association between the diagnosis of ocular chlamydial infection, as determined by the polymerase chain reaction (PCR), and the diagnosis of vitamin A deficiency, as determined by the loss of goblet cells using CIC.
Materials and methods

PATIENT SELECTION
Seventy children were chosen from a rural village in the Lumbini zone of Nepal as part of a longitudinal survey of trachoma infection (D Dean, personal communication). This is a region of Nepal in which both endemic trachoma and vitamin A deficiency are present. 3 All children from four randomly chosen households and from the village's elementary school were selected. Inclusion criteria included age less than 11 years and permission from a parent or guardian to participate in the study. All examinations were performed and all specimens were collected in March 1995.
DIAGNOSIS OF TRACHOMA
Diagnosis of clinically active trachoma was based on conjunctival photography. A single photograph of the right upper tarsal conjunctiva was taken on each child. These were later graded, in a masked fashion, by an ophthalmologist experienced using the World Health Organisation's simplified grading system. 1 Active trachoma was defined as the presence of either follicular trachoma, TF (at least five follicles on the lower two thirds of the upper tarsal conjunctiva), or intense trachoma, TI (more than one half of the underlying upper tarsal conjunctival blood vessels obscured by inflammation). 8 In addition, a more detailed grading of the degree of papillary inflammation was made: P0 corresponds to no papillary inflammation; P1, papillary inflammation present; P2, some blurring of the underlying upper tarsal vasculature; and P3, obscuration of more than one half of the underlying upper tarsal vasculature. 1 Diagnosis of infectious trachoma was based on the detection of chlamydial DNA by PCR. Conjunctival scrapings stored in chlamydial collection media were used as a source for DNA amplification. DNA was purified using a previously described procedure. 16 Briefly, each sample was centrifuged at 14 000 g for 20 minutes. The pellet was washed three times in 1 ml of 0.9% saline by centrifugation before resuspension in 100 µl of TE buVer (10 mM TRISHCl (pH 8.1), 1 mM EDTA, and 0.45% Tween 20/Nonidet P-40 (vol/vol)) with 100 µg of proteinase K/ml. The sample was incubated at 55°C for 1 hour and then at 95°C for 10 minutes. The DNA was extracted with equal volumes of phenol and chloroform, precipitated with 95% ethanol, and resuspended in 20 µl of TE (10 mM TRIS-HCl, 0.1M EDTA). 16 For each specimen, nested PCR amplifications designed to amplify Chlamydia trachomatis were performed. The samples were first subjected to PCR with a set of species specific oligonucleotide primers, F11 and B11, that spanned all four variable regions of the gene encoding for the chlamydial major outer membrane protein (MOMP). 17 To increase sensitivity, two additional sets of PCR primers (MF21/MB22 and MVF3/MB11), nested within the initial set, were used to amplify each of two sections of MOMP (variable sequence regions VS1 and VS2, and variable sequence regions VS3 and VS4, respectively). 17 For each PCR amplification, 1 µl of each purified DNA sample was used in a total reaction volume of 100 µl, as previously described. 17 A 10 µl volume of each reaction product was run on a 1.0% agarose gel to confirm the size of the PCR product. Negative controls were included in each set of amplifications in a masked fashion. Each sample in which agarose gel electrophoresis demonstrated the presence of amplified DNA was further analysed by DNA sequencing. Seventy µl of the amplified PCR reaction was gel purified using GeneClean (Bio 101, Inc, Vista, CA, USA) and sequenced by automation as described previously. 17 The computer generated results were read by automation and confirmed by manual reading in a masked fashion.
DIAGNOSIS OF VITAMIN A DEFICIENCY
Evidence of vitamin A deficiency was sought from analysis of conjunctival impression cytology and from serum vitamin A levels. CIC was performed on all individuals using previously described methodology. 18 Briefly, a vacuum pump was used to lift epithelium from the inferior temporal conjunctiva onto a 3/16 inch disc of 0.3 mm Whatman filter paper (Whatman International Ltd, Maidstone, Kent). Discs were immediately placed in fixative (70% ethyl alcohol, 37% formaldehyde, and glacial acetic acid in a 20:1:1 volume ratio) and later stained with periodic acid SchiV and haematoxylin. All specimens were viewed in a masked fashion under light microscopy for the presence of goblet cells using previously described criteria. 18 Specimens were graded as normal, abnormal, or unreadable by two independent observers (TL and DD). Both observers independently reread any discrepancies, and a consensus grading was used. Venous blood was obtained and serum was analysed for the concentration of vitamin A using high performance liquid chromatography (PathLab, San Jose, CA, USA).
Results
Twenty seven (39%) of 70 children were diagnosed with active trachoma. Twenty two (31%) of these were graded as TF and five (7%) were graded as TI. Thirty six children were diagnosed with grades 0 or 1 papillary inflammation, 29 with grade 2 papillary inflammation, and five with grade 3 papillary inflammation. The presence of C trachomatis DNA was found by PCR in 40 (57%) of the 70 children. DNA sequencing confirmed that all 40 PCR amplified products were C trachomatis. Eighteen of 27 (67%) of the clinically active children were PCR positive. Twenty two (31%) of 70 conjunctival specimens had an abnormal CIC consistent with a diagnosis of vitamin A deficiency. Serum levels of vitamin A were checked in 24 children, and concentrations ranged from 11 to 50 µg/dl (normal range 8-62 µg/dl). The clinical activity, infection status, mean serum vitamin A level, age, and degree of papillary inflammation for children with and without an abnormal CIC are displayed in Table 1 .
Children who were infected with C trachomatis were significantly more likely to have an abnormal CIC than were uninfected children ( 2 test, p=0.02, Table 2 ). Children of ages 3-5 years are known to be at the highest risk for both vitamin A deficiency and for trachoma. 7 Indeed, we found that older children (age 6-10) were less likely to be infected with C trachomatis (p=0.10), and significantly less likely to have an abnormal CIC (p=0.003). However, infection was significantly correlated with an abnormal CIC even when adjusted for a linear eVect of age in a logistic regression model (p=0.05). In Table 3 . Children who were clinically active (by either the follicular and papillary grades) were twice as likely to have an abnormal CIC as were children without clinical activity, but this relation was not statistically significant (p=0.15).
There was a significant correlation between infection status and CIC, even when clinical activity was included as a covariate (p=0.03).
Even children who were subclinically infected (that is, were infected but not clinically active) were significantly more likely to have an abnormal CIC than were uninfected, clinically inactive children (p=0.02).
We could not demonstrate a significant correlation between serum vitamin A levels and infection (p=0.46). In fact, serum vitamin A levels were not significantly associated with an abnormal CIC in the 24 children who had both tests performed (p=0.34), and serum vitamin A levels all fell within the normal range for this laboratory (8-62 µg/dl). Patients and guardians permitted serum samples from only a subset of the children (24/70). The average age of the 24 children in whom serum was available was 5.4 years, and the average age of the entire group of 70 children was 7.1 years. PCR testing revealed evidence of C trachomatis infection in 15 (63%) of these 24 children. Eleven (46%) of the children had clinical evidence of active trachoma, and nine (38%) had an abnormal CIC. The determination of serum retinol levels is nonspecific with a wide range of normal values, and thus is not a precise marker for vitamin A deficiency.
Discussion
It has been proposed that malnutrition is associated with active trachoma, but this association has been diYcult to demonstrate. 19 20 CIC has proved to be an eVective measurement of subclinical vitamin A deficiency, 9 and several groups have reported an association between inactive, cicatricial trachoma in adults and an abnormal CIC in individuals. Goblet cell loss has been noted in the advanced stages of cicatricial trachoma. [11] [12] [13] Blodi and Byrne demonstrated that loss of goblet cells was associated with the severity of trachomatous scarring 11 ; however, they could not demonstrate a significant diVerence between the number of goblet cells in patients with mild scarring and controls, and they did not study infectious trachoma in children with no scarring. Bonnet et al noted an association between clinically active trachoma and an abnormal CIC.
14 In another study, children with clinically active trachoma were found to have an increased risk of having an abnormal CIC. 15 This study concluded that the prevalence of vitamin A deficiency should be determined from CIC results in children without trachoma, or alternatively, by using a formula to estimate the prevalence of abnormal CIC in the absence of trachoma based on their observed odds ratio. These authors did not report if the presence of C trachomatis was associated with an abnormal CIC, or whether age or conjunctival inflammation was a confounding factor in this association.
In this study, we demonstrated that children who harbour ocular C trachomatis were significantly more likely to have an abnormal CIC than were uninfected children (p=0.02). This association was significant even after adjusting for age and clinical activity. In fact, even children with subclinical infections (who were infected but not clinically active) were significantly more likely to have an abnormal CIC than were uninfected, clinically inactive children. We found that clinically active children had a 2.0-fold increased odds of having an abnormal CIC, but we could not demonstrate this risk factor to be statistically significant. Our findings are supported by larger studies in Djibouti, Mali, and Senegal, where clinical activity was found to be a significant risk factor that increases the odds ratio 1.7-fold. 15 The apparent relation between infectious trachoma and vitamin A deficiency could be because of a variety of reasons. Infection with C trachomatis itself may interfere with the detection of goblet cells by CIC. It is known that there are fewer goblet cells in advanced, cicatricial trachoma in adults, 11 and it may be that goblet cells are also decreased specifically in early, infectious trachoma. Within a community, there may be confounding epidemiological factors that are diYcult to measure, such as poor living conditions, that predispose to both trachoma and vitamin A deficiency. Also, there is the intriguing possibility that vitamin A deficiency may increase the risk of infection with trachoma, either through decreased local mucosal epithelial barriers or through an eVect on the systemic immune system. Further work will be necessary and to determine what an abnormal CIC implies in the presence of both infectious trachoma and vitamin A deficiency, and to determine what, if any, association exists between the two diseases. Unfortunately, the most sensitive, noninvasive diagnostic tests for both conditions rely on conjunctival sampling. In a setting known to have both trachoma and vitamin A deficiency, other tests such as serum levels, the presence of Bitot's spots, and subjective reporting of night blindness could be utilised to confirm a diagnosis of vitamin A deficiency in children with an abnormal CIC, although more subjects would be needed than were available in this study. A cause and eVect relation could be shown if treatment for vitamin A deficiency were shown to reduce the burden of infectious trachoma. In an area known not to have vitamin A deficiency, an association between conjunctival impression cytology and active trachoma could be isolated. Until the relation of these two diseases is better understood, the assessment of vitamin A deficiency by conjunctival impression cytology in areas with endemic trachoma should be used with some caution.
